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Description

Technical Field

[0001] The present disclosure relates generally sen-
sors. More particularly, the present disclosure relates to
sensors for measuring bio-analyte concentrations in
blood samples.

Background

[0002] Electrochemical bio-sensors have been devel-
oped for sensing (e.g., detecting or measuring) bio-ana-
lyte concentrations in fluid samples. For example, United
States Patent Nos. 5,264,105; 5,356,786; 5,262,035;
5,320,725; and 6,464,849 disclose wired enzyme sen-
sors for sensing analytes, such as lactate or glucose.
Wired enzyme sensors have been widely used in blood
glucose monitoring systems adapted for home use by
diabetics to allow blood glucose levels to be closely mon-
itored. Other example types of blood glucose monitoring
systems are disclosed by United States Patent Nos.
5,575,403; 6,379,317; and 6,893,545.

Summary

[0003] One aspect of the present disclosure relates to
a wired enzyme sensor module defining an interior sam-
ple fluid analysis zone and a sample transport arrange-
ment for consistently, reliably, and relatively quickly
transporting a volume of sample fluid (e.g., blood) from
a sampling site (e.g., a skin puncture location) to the sam-
ple fluid analysis zone. In one embodiment, the sample
transport arrangement includes a flow passage config-
ured to enhance capillary flow from the sampling site to
the sample fluid analysis zone.
[0004] Another aspect of the present disclosure relates
to a sample transport arrangement for transporting a
blood sample from a sampling site to a sample fluid anal-
ysis zone. The sample transport arrangement includes
a funnel structure and capillary flow enhancers that
project outwardly from opposite sides of the funnel struc-
ture. A skin piecing member which passes through the
funnel structure is used to create a skin puncture at the
sampling site. A volume of blood from the skin puncture
is received within the funnel structure. The capillary flow
enhancers receive blood from the funnel structure and
cause the blood to flow toward the sample fluid analysis
zone by capillary action. In one embodiment, the blood
from the funnel structure flows at least partially radially
outwardly from an axis of the skin piercing member as
the blood flows from the funnel structure to the capillary
flow enhancers.
[0005] A further aspect of the present disclosure re-
lates to a sensor module including a main housing in
which a skin piercing member is mounted. The main
housing defines a fluid sample analysis zone within the
main housing near a sampling end of the main housing.

The skin piecing member is movable relative to the main
housing along a slide axis between a retracted position
where a tip of the skin piercing member is within the main
housing and an extended position where the tip of the
skin piecing member projects outwardly from the sam-
pling end of the main housing. A wired enzyme sensor
arrangement is located at the fluid sample analysis zone.
The wired enzyme sensor arrangement includes first and
second elongated, generally parallel electrodes. The tip
of the skin piecing member moves past the first and sec-
ond electrodes as the skin piercing member is moved
from the retracted position to the extended position. The
first and second elongated electrodes are aligned along
axes that are offset from the slide axis and that are gen-
erally perpendicular with respect to a plane that includes
the slide axis.
[0006] A further aspect of the present disclosure re-
lates to a sensor module including a main housing in
which a skin piercing member is mounted. The main
housing defines a fluid sample analysis zone within the
main housing near a sampling end of the main housing.
The skin piecing member is movable relative to the main
housing along a slide axis between a retracted position
where a tip of the skin piercing member is within the main
housing and an extended position where the tip of the
skin piecing member projects outwardly from the sam-
pling end of the main housing. A base of the skin piecing
member is anchored to a slide member. The slide mem-
ber is mounted within a slot defined by the main housing.
The slide member moves along the slot as the skin piec-
ing member is moved between the retracted and extend-
ed positions.
[0007] Still another aspect of the present disclosure
relates to a sensor module including a main housing de-
fining a sample fluid analysis zone within the housing. A
working electrode is positioned at the sample fluid anal-
ysis zone. Sensing chemistry is provided on the working
electrode. The sensor module further includes a skin
piercing member mounted within the main housing. The
skin piercing member is movable between an extended
position and a retracted position. The sensor module fur-
ther includes a sealing member mounted to an exterior
of the main housing for sealing the sample fluid analysis
zone to increase a shelf-life of the sensing chemistry pro-
vided on the working electrode. The shelf-life is extended
by limiting the degree to which the sensing chemistry on
the working electrode is exposed to air. In one example
embodiment, an actuator for moving the skin piercing
member between the retracted and extended positions
can penetrate the sealing member to access the skin
piercing member.
[0008] A variety of additional aspects will be set forth
within the description that follows. The aspects can relate
to individual features and to combinations of features. It
is to be understood that both the foregoing general de-
scription and the following detailed description are ex-
emplary and explanatory only and are not restrictive of
the broad concepts upon which the embodiments dis-
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closed herein are based.

Brief Description of the Drawings

[0009]

FIG. 1 is an exploded assembly view of a sensor
module in accordance with the principles of the
present disclosure;
FIG. 2 is another exploded assembly view of the sen-
sor module of FIG. 1 showing opposite sides of the
various components of the assembly;
FIG. 3 is a plan view of the sensor module of FIG. 1
with a skin piercing member of the sensor module in
a retracted position;
FIG. 4 is a plan view of the sensor module of FIG. 1
with the skin piercing member in an extended posi-
tion;
FIG. 5 is an end view of the sensor module of FIG.
1 showing a sampling end of the sensor module;
FIG. 6 is a perspective view showing the sampling
end of the sensor module of FIG. 1;
FIG. 7 is a perspective view showing a sample fluid
transport arrangement of the sensor module of FIG.
1, the sample fluid transport arrangement is adapted
for transporting a sample fluid (flow shown by ar-
rows) from the sampling end of the sensor module
to a sample fluid analysis zone;
FIG. 8 is a plan view of the sensor module of FIG. 1
with various cross-section lines depicted;
FIG. 9 is a cross-sectional view taken along section
line 9-9 of FIG. 8;
FIG. 9A is an enlarged view of a portion of FIG. 9;
FIG. 10 is a cross-sectional view taken along section
line 10-10 of the FIG. 8;
FIG. 10A is an enlarged view of a portion of FIG. 10;
FIG. 11 is a cross-sectional view taken along section
line 11-11 of FIG. 8;
FIG. 12 is a cross-sectional view taken along section
line 12-12 of FIG.8;
FIG. 13 is a schematic view of a sensing unit in ac-
cordance with the principles of the present disclosure
that incorporates a plurality of the sensing modules
of FIG. 1; and
FIG. 14 shows the sensor module of FIG. 1 with a
sealing member sealing applied to a sampling end
and one of the major sides of the sensor housing.

Detailed Description

[0010] Reference will now be made in detail to exem-
plary aspects of the present disclosure which are illus-
trated in the accompanying drawings. Wherever possi-
ble, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.
[0011] The following definitions are provided for terms
used herein:

A "working electrode" is an electrode at which the
analyte (or a second compound whose level de-
pends on the level of the analyte) is electrooxidized
or electroreduced with or without the agency of an
electron transfer agent.
A "reference electrode" is an electrode used in meas-
uring the potential of the working electrode. The ref-
erence electrode should have a generally constant
electrochemical potential as long as no current flows
through it. As used herein, the term "reference elec-
trode" includes pseudo-reference electrodes. In the
context of the disclosure, the term "reference elec-
trode" can include reference electrodes which also
function as counter electrodes (i.e., a counter/refer-
ence electrode).
A "counter electrode" refers to an electrode paired
with a working electrode to form an electrochemical
cell. In use, electrical current passes through the
working and counter electrodes. The electrical cur-
rent passing through the counter electrode is equal
in magnitude and opposite in sign to the current pass-
ing through the working electrode. In the context of
the disclosure, the term "counter electrode" can in-
clude counter electrodes which also function as ref-
erence electrodes (i.e., a counter/reference elec-
trode).
A "counter/reference electrode" is an electrode that
functions as both a counter electrode and a refer-
ence electrode.
An "electrochemical sensing system" is a system
configured to detect the presence and/or measure
the level of an analyte in a sample via electrochem-
ical oxidation and reduction reactions on the sensor.
These reactions are converted (e.g., transduced) to
an electrical signal that can be correlated to an
amount, concentration, or level of an analyte in the
sample. Further details about electrochemical sens-
ing systems, working electrodes, counter electrodes
and reference electrodes can be found at U.S. Patent
No. 6,560,471.
"Electrolysis" is the electrooxidation or electroreduc-
tion of a compound either directly at an electrode or
via one or more electron transfer agents.
An "electron transfer agent" is a compound that car-
ries electrons between the analyte and the working
electrode either directly or in cooperation with other
electron transfer agents. One example of an electron
transfer agent is a redox mediator.
A "sensing layer" is a component of the sensor which
includes constituents that facilitate the electrolysis
of the analyte. The sensing layer may include con-
stituents such as an electron transfer agent, a cata-
lyst which catalyzes a reaction of the analyte to pro-
duce a response at the electrode, or both.

[0012] FIGS. 1-7 illustrate a sensor module 20 in ac-
cordance with the principles of the present disclosure.
The sensor module 20 includes a main housing 22 in
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which a skin piercing member 36 is mounted. The skin
piercing member 36 is movable relative to the main hous-
ing 22 along an axis 40 (see FIG. 3) that extends along
a length of the main housing 22. The skin piercing mem-
ber 36 is movable between a retracted position (see FIG.
3) and an extended position (see FIG. 4). The main hous-
ing 22 defines a fluid sample analysis zone 23 (see FIG.
7) within the interior of the main housing 22. The fluid
sample analysis zone can also be referred to as a fluid
analysis volume, a fluid analysis region, a fluid analysis
well, a fluid analysis cell, a fluid analysis site, a fluid anal-
ysis location or like terms. An electrode arrangement 25
(e.g., a wired enzyme sensing arrangement) is positioned
within the main housing 22 at the sample analysis zone
23. The main housing 22 further includes a sampling end
32 at which a sample fluid access structure 27 is located.
The sample fluid access structure 27 includes a flow
transport arrangement in the form of a flow passage 42
that extends from the sampling end 32 of the main hous-
ing 22 to the sample analysis zone 23. The flow passage
42 is configured to enhance capillary flow of a fluid sam-
ple (e.g., blood) from the sampling end 32 of the main
housing 22 to the sample analysis zone 23. For example,
the flow passage 42 includes a central funnel structure
72 through which the skin piercing member 36 passes
as it is moved from the retracted position to the extended
position. The funnel structure 72 provides a volume or
reservoir for collecting blood received from a skin punc-
ture site caused by the skin piercing member 36. The
flow passage 42 further includes capillary flow enhancers
90 in fluid communication with the reservoir formed by
the funnel structure 72. The capillary flow enhancers 90
project outwardly from opposite sides of the funnel struc-
ture 72. The capillary flow enhancers 90 provide in-
creased surface area for drawing blood outwardly from
the funnel structure 72 via capillary action and for causing
said blood to move by capillary action from the sampling
end 32 of the main housing 22 to the sample analysis
zone 23.
[0013] In use of the sensor module 20, the sampling
end 32 of the main housing 22 is placed against a pa-
tient’s skin at a sampling site where it is desired to take
a fluid (e.g., blood) sample. Once the sampling end 32
is in contact with the skin, the skin piercing member 36
is moved from the retracted position to the extended po-
sition thereby causing a tip of the skin piercing member
36 to pierce the patient’s skin and generate a blood sam-
pling site. The skin piercing member 36 is then moved
from the extended position back to the retracted position.
Upon retraction of the skin piercing member 36, blood
from the blood sampling site fills the reservoir formed by
the funnel structure 72. The blood within the funnel struc-
ture 72 is caused at least in part by capillary action to
move from the sampling end 32 of the main housing 22
toward the sample analysis zone 23. The capillary flow
enhancers 90 enhance capillary flow from the funnel
structure 72 to the sample analysis zone 23. In this way,
blood is relatively quickly and uniformly provided to the

analysis zone 23. As shown by the flow arrows at FIG.
7, the capillary flow enhancers 90 cause blood to flow
via capillary action outwardly from the funnel structure
72 at least partially in a radial direction relative to the axis
40. The capillary flow enhancers 90 also cause blood to
move by capillary action in a direction toward the sample
analysis zone 23. At the sample analysis zone 23, an
analyte level (e.g., blood glucose level) in the blood sam-
ple is sensed through the use of a wired enzyme sensor
arrangement including the electrode arrangement 25. It
will be appreciated that the electrode arrangement can
be operatively connected to a sensor control system.
[0014] Referring to FIGS. 1 and 2, the main housing
of the sensor module 20 includes a first piece 22A and
a second piece 22B. The sensor module 20 also includes
two electrical contacts 24, 26 that mount between the
first and second pieces 22A, 22B of the main housing
22. The electrode arrangement 25 of the sensor module
20 includes two electrodes 28, 30 mounted between the
first and second pieces 22A, 22B of the main housing 22
at a location near a sampling end 32 of the sensor module
20. One of the electrodes 28, 30 is preferably a working
electrode while the other of the electrodes 28, 30 is pref-
erably a counter electrode or a counter/reference elec-
trode. One of the electrodes 28, 30 is electrically con-
nected to the electrical contact 24 and electrically isolated
from the electrical contact 26, while the other of the elec-
trodes 28, 30 is electrically connected to the electrical
contact 26 and is electrically isolated from the electrical
contact 24. The contacts 24, 26 respectively have contact
tabs 62, 64 for facilitating electrically connecting the con-
tacts to a sensor control system.
[0015] The skin piercing member 36 of the sensor mod-
ule 20 includes a sharp tip 44 and a base 45. The base
45 is anchored within a notch 47 defined by a slide mem-
ber 38. The skin piecing member 36 and the slide mem-
ber 38 together form a skin piercing assembly. The skin
piercing member 36 can be a cannula, needle, lancet or
other similar structure.
[0016] Referring back to FIG. 1, the main housing 22
of the sensor module is relatively compact. For example,
in one non-limiting embodiment, the main housing 22 is
generally rectangular in shape and has a length that is
less than 1 inch (2.54 cm). The main housing includes
opposite major sides and opposite minor sides that ex-
tend along the length of the main housing 22 between
opposite ends (e.g., the sampling end 32 and non-sam-
pling end 33) of the main housing. The main housing 22
defines an elongated slot 46 for receiving and guiding
movement of the slide member 38 to which the skin pierc-
ing member 36 is anchored. The slot 46 is elongated
along the axis 40 and includes a first portion 46A defined
by the first piece 22A of the main housing 22 and a second
portion 46B defined by the second piece 22B of the main
housing 22. The first portion 46A of the slot 46 receives
a first portion 38A of the slide member 38 and the second
portion 46B of the slot 46 receives a second portion 38B
of the slide member 38. Rails 48 of the slide member 38
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are captured between the first and second pieces 22A,
22B to limit upward or downward movement of the slide
member 38 relative to the main housing 22. The first por-
tion 38A of the slide member 38 defines a notch 50 for
use in mechanically coupling an actuator to the slide
member 38. The actuator can be incorporated into an
analyte monitoring unit having a cartridge for holding a
plurality of the sensor modules, and can be used to move
the skin piercing assembly between the retracted and
extended positions. The first piece 22A of the main hous-
ing 22 also includes a groove 52 positioned at one of the
major sides of the main housing 22. The groove 52 can
be adapted for receiving a dove-tailed shaped tongue for
mounting the sensor module 20 to the analyte monitoring
unit.
[0017] Referring again to FIG. 1, the electrical contacts
24, 26 are mounted within recesses 54, 56 defined by
the second piece 22B of the main housing 22. The second
piece 22B also includes posts 58 that are received within
openings 60 of the electrical contacts 24, 26 to position
the contacts 24, 26 within the main housing 22 and to
limit movement of the electrical contacts 24, 26 relative
to the main housing 22. The electrical contact tabs 62,
64 of the contacts 24,26 are configured to project out-
wardly from the opposite minor sides of the main housing
22. In a preferred embodiment, the electrical contacts
24, 26 are made of an electrically conductive material
such as metal.
[0018] The first and second pieces 22A, 22B of the
main housing 22 cooperate to define a skin piercing mem-
ber passage 70 aligned along the axis 40. It will be ap-
preciated that the axis 40 is coaxially aligned with the
skin piercing member 36 and the skin piercing member
passage 70. The skin piercing member passage 70 ex-
tends from the slot 46 to the sampling end 32 of the main
housing 22. At the sampling end 32, the skin piercing
member passage 70 expands outwardly to form the fun-
nel structure 72. The funnel structure 72 has a major
cross-dimension CD1 (e.g., a major diameter) at the sam-
pling end 32 of the main housing 22 and a minor cross-
dimension CD2 (e.g., a minor diameter) inwardly offset
from the sampling end 32 of the main housing 22. Thus,
the funnel structure 72 tapers radially outwardly away
from the axis 40 as the funnel structure 72 extends away
from the fluid analysis zone 23 and toward the sampling
end 32. In the depicted embodiment, the funnel structure
72 has a truncated conical shape. In other embodiments,
other tapered shapes (e.g., a truncated pyramid shape)
could be used.
[0019] To prevent blood flow from passing through the
skin piercing member passage 70 to the slot 46, a plurality
of wells 74 are provided in fluid communication with the
skin piercing member passage 70. The wells 74 prefer-
ably each have a large enough volume to prevent blood
flow via capillary action from reaching the slot 46. In other
embodiments, a sealant can be injected into one or more
of the wells 74 via a port 76 such that the sealant forms
a seal about the skin piercing member 36 which allows

the skin piercing member 36 to slide within the skin pierc-
ing member passage 70 between the extended and re-
tracted positions while concurrently preventing blood
flow from flowing through the skin piercing member pas-
sage 70 to the slot 46.
[0020] Referring again to FIGS. 1 and 2, the second
piece 22B includes an electrode offset mount 80 config-
ured to offset the electrodes 28, 30 from the skin piercing
member passage 70. As depicted in FIG. 2, the offset
mount 80 projects upwardly from a main body of the sec-
ond piece 22b and fits within a pocket 81 (see FIG. 1)
defined by the first piece 22A. The offset mount 80 de-
fines generally parallel grooves 82B, 84B that are offset
from the skin piercing member passage 70 (see FIG. 9A).
The grooves 82B, 84B cooperate with grooves 82A, 84A
defined within the pocket 81 of the first piece 22A to define
passages 82, 84 that respectively receive the electrodes
28, 30. The electrodes 28, 30 define axes 86, 88 that are
transverse relative to a plane P (see FIG. 11) including
the slide axis 40. When the electrodes 28, 30 are mount-
ed at the offset mount 80, the axes 86, 88 are offset from
the slide axis 40 (see FIG. 11). In the depicted embodi-
ment, the axes 86, 88 are generally perpendicular relative
to the plane P (see FIG. 11) including the slide axis 40.
[0021] As used herein, generally perpendicular means
perpendicular or almost perpendicular. As used herein,
generally parallel means parallel or almost parallel. As
used herein, transverse means extending across.
[0022] Referring to FIGS. 6, 7, 9A and 10A, the sample
fluid analysis zone 23 is formed by a volume of open
space including at least portions that circumferentially
surround portions of the electrodes 28, 30. During a sam-
pling and analysis operation, blood flows through the flow
passage 42 and fills the volume provided at the sample
fluid analysis zone 23. As shown at FIGS. 5 and 7, the
funnel structure 72 of the flow passage 42 is centered on
the slide axis 40. The capillary flow enhancers 90 of the
flow passage 42 are positioned on opposite sides of the
funnel structure 72. The capillary flow enhancers 90 are
in fluid communication with the funnel structure 72 and
are configured to project outwardly from the funnel struc-
ture 72 to increase an overall width W of the flow passage
42. As depicted at FIG 5, the capillary flow enhancers 90
project outwardly from the funnel structure 72 in opposite
outward radial directions relative to the axis 40. In one
embodiment, the overall width W of the flow passage is
in the range of .04 to .08 inches (1.016 to 2.032 mm). In
another embodiment, the overall width W is in the range
of .05 to .07 inches (1.270 to 1.778 mm). In still another
embodiment, the overall width W is about .060 inches
(1.524 mm). In certain embodiments, the overall width
W is at least 3 times greater than the cross-dimension
CD2 of the skin piercing member passage 70. In certain
embodiments, the capillary flow enhancers 90 increase
the overall width W by at least 30 percent as compared
to the major cross-dimension CD1 of the funnel structure
72. The width W is measured in a direction generally
perpendicular to a primary flow direction D from the sam-
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pling end 32 of the housing 22 to the sample fluid analysis
zone 23. In certain embodiments, the overall width W is
at least 50 percent, or at least 75 percent, or at least 90
percent, or about 100 percent as long as a wetted length
WL of either of the electrodes 28, 30. The wetted length
WL is the length of each of the electrodes 28, 30 that is
exposed to a fluid sample during analysis of the fluid sam-
ple.
[0023] The capillary flow enhancers 90 are shown as
slots defined between generally parallel, planar surfaces
separated by a thickness T1. The thickness T1 is selected
to promote capillary flow through the capillary flow en-
hancers 90. In certain embodiments, thickness T1 is in
the range of 002 to .004 inches (0.508 to 1.016 mm). In
other embodiments, the thickness T1 is less than or equal
to .004 inches (1.016mm). In still other embodiments, the
thickness T1 is about .003 inches (0.762 mm). In certain
embodiments, the opposing surfaces separated by the
thickness T1 can be textured as disclosed at U.S. Patent
No. 5,104,705, so as to further enhance capillary flow
between the surfaces. In other embodiments, the oppos-
ing surfaces are not textured. In certain embodiments,
the volume of open space circumferentially surrounding
the electrodes 28, 30 is equal to about one-half the thick-
ness T1.
[0024] The capillary flow enhancers 90 also include
dimensions D1 that extend into the main housing 22 in
a direction generally parallel to the slide axis 40. Inner
open regions of the capillary flow enhancers 90 are con-
tiguous with the funnel structure 72 and angle inwardly
toward the slide axis 40 as the edges defined between
the funnel structure 72 and the flow enhancers 90 extend
into the main housing 22.
[0025] The capillary flow enhancers 90 include first
portions 90A that extend along the dimension D1 that is
parallel to the axis 40. The capillary flow enhancers 90
also include second portions 90B in fluid communication
with the first portions 90A. The second portions 90B ex-
tend in a direction D2 generally perpendicular with re-
spect to the direction D1 such that flow is stepped toward
the electrodes 28, 30 to account for the offset between
the axis 40 and the axes 86, 88 of the electrodes 28, 30.
The capillary flow enhancers 90 further include third por-
tions 90C in fluid communication with the second portions
90B. The third portions 90C extend from the second por-
tions 90B to the volume corresponding to the analysis
zone 23. The third portions 90C extend in a direction D3
that is generally parallel to the direction D1.
[0026] In certain embodiments, opposite ends of the
analysis zone 23 can be sealed adjacent the electrodes
28, 30 by laser welds provided between the first and sec-
ond pieces 22A, 22B of the main housing 22. In certain
embodiments, the second piece 22B can be transparent
and the first piece 22A can be opaque such that a laser
can be directed through the second piece 22B to provide
a laser weld at the interface between the pieces 22A,
22B along lines 206, 208 (see FIG. 6) that traverse the
electrodes 28, 30. A mask can be used to protect the

chemistry/reactive enzymes provided on the electrodes
28, 30 within the analysis zone 23 (e.g., between the
boundary lines 206, 208). The laser can be used to ablate
chemistry that is not covered by the mask. In this way, a
laser can be used to concurrently provide a seal about a
portion of the analysis zone 23 and to ablate excess sen-
sor chemistry. If laser welding does not provide suitable
seals about the electrodes 28, 30, a sealant can be in-
jected through ports 104 to assist in sealing the analysis
zone 23 along the lines 206, 208 traversing the electrodes
28, 30.
[0027] In use of the sensor module 20, the sampling
end 32 is pressed against a person’s skin and the skin
piercing member 36 is used to create a sampling site in
the form of a puncture wound. Blood from the wound site
enters the funnel structure 72 and flows into the capillary
flow enhancers 90 by capillary action. Flow within the
first portions of 90A of the capillary flow enhancers 90
moves both along the dimension D1 and also radially
outwardly from the axis 40. Flow within the second por-
tions 90B of the capillary flow enhancers 90B moves
along the dimension D2. Capillary flow along the third
portions 90C moves along the dimension D3 to the vol-
ume corresponding to the analysis zone 23. The third
portions 90C of the capillary flow enhancers 90 meet with
the analysis zone generally at a plane that includes the
axes 86, 88 of the electrodes 28, 30. Flow from the third
portions 90C of the capillary flow enhancers travels
above and below the electrodes 28, 30 via capillary action
such that the electrodes are circumferentially surrounded
by blood. Additional flow can also enter the analysis zone
23 through the skin piercing member passage 70. Such
flow can move into the analysis zone 23 by flowing from
the skin piercing member passage 70 outwardly along
the outer surfaces of the electrodes 28, 39 in directions
that extend along the axes 86, 88 of the electrodes 28, 30.
[0028] In one embodiment, the electrode 28 is in con-
tact with a sensing layer and functions as a working elec-
trode and the electrode 30 can function as a refer-
ence/counter electrode. In other embodiments, separate
working, reference and counter electrodes can be pro-
vided in fluid communication with the analysis zone 23.
The electrodes 28, 30 are preferably threads, fibers,
wires, or other elongated members.
[0029] In one embodiment, the working electrode can
include an elongated member that is coated or otherwise
covered with a sensing layer and the reference/counter
electrode can include any elongated member, such as a
wire or fiber that is coated or otherwise covered with a
layer, such as silver chloride. Preferably, at least a portion
of each elongated member is electrically conductive. In
certain embodiments, each elongated member can in-
clude a metal wire or a glassy carbon fiber. In still other
embodiments, each elongated member can each have
a composite structure and can include a fiber having a
dielectric core surrounded by a conductive layer suitable
for forming an electrode.
[0030] A preferred composite fiber is sold under the
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name Resistat® by Shakespeare Conductive Fibers
LLC. This composite fiber includes a composite nylon,
monofilament, conductive thread material made conduc-
tive by the suffusion of about a 1 micron layer of carbon-
ized nylon isomer onto a dielectric nylon core material.
The Resistat® material is comprised of isomers of nylon
to create the basic 2 layer composite thread. However,
many other polymers are available for the construction,
such as: polyethylene terephthalate, nylon 6, nylon 6,6,
cellulose, polypropylene cellulose acetate, polyacryloni-
trile and copolymers of polyacrylonitrile for a first com-
ponent and polymers such as of polyethylene terephtha-
late, nylon 6, nylon 6,6, cellulose, polypropylene cellulose
acetate, polyacrylonitrile and copolymers of polyacrylo-
nitrile as constituents of a second component. Inherently
conductive polymers (ICP) such as doped polyanaline or
polypyrolle can be incorporated into the conductive layer
along with the carbon to complete the formulation. In cer-
tain embodiments, the ICP can be used as the electrode
surface alone or in conjunction with carbon. The Resi-
stat® fiber is availability in diameters of 0025 to .016 inch-
es (0.0635 to 0.406 mm), which is suitable for sensor
electrodes configured in accordance with the principles
of the present disclosure. Example patents disclosing
composite fibers suitable for use in practicing sensor
modules configured in accordance with the principles of
the present disclosure include U.S. Patent Nos.
3,823,035; 4,255,487; 4,545,835 and 4,704,311.
[0031] The sensing layers provided at working elec-
trodes of sensor modules configured in accordance with
the principles of the present disclosure can include a
sensing chemistry, such as a redox compound or medi-
ator. The term redox compound is used herein to mean
a compound that can be oxidized or reduced. Example
redox compounds include transition metal complexes
with organic ligands. Preferred redox compounds/medi-
ators include osmium transition metal complexes with
one or more ligands having a nitrogen containing hete-
rocycle such as 2, 2’-bipyridine. The sensing material
also can include a redox enzyme. A redox enzyme is an
enzyme that catalyzes an oxidation or reduction of an
analyte. For example, a glucose oxidase or glucose de-
hydrogenase can be used when the analyte is glucose.
Also, a lactate oxidase or lactate dehydrogenase fills this
role when the analyte is lactate. In sensor systems, such
as the one being described, these enzymes catalyze the
electrolysis of an analyte by transferring electrons be-
tween the analyte and the electrode via the redox com-
pound. Further information regarding sensing chemistry
can be found at U.S. Patent Nos. 5,264,105; 5,356,786;
5,262,035; and 5,320,725.
[0032] During sample analysis at the analysis zone 23,
a voltage can be applied between the electrodes 28, 30.
When the potential is applied, an electrical current will
flow through the fluid sample between the electrodes 28,
30. The current is a result of the oxidation or reduction
of an analyte, such as glucose, in the volume of fluid
sample located within the analysis zone. This electro-

chemical reaction occurs via the electron transfer agent
in the sensing layer and an optional electron transfer cat-
alyst/enzyme in the sensing layer. By measuring the cur-
rent flow generated at a given potential (e.g., with a con-
troller described herein), the concentration of a given an-
alyte (e.g., glucose) in the fluid sample can be deter-
mined. Those skilled in the art will recognize that current
measurements can be obtained by a variety of tech-
niques including, among other things, coulometric, po-
tentiometric, perometric, voltometric, and other electro-
chemical techniques.
[0033] Referring to FIG. 13, it will be appreciated that
one or more sensor modules 20 can be incorporated as
sub-components into an analyte monitoring unit 120. The
unit 120 includes a controller 121 that couples to a mod-
ule holder 124. The module holder 124 is configured to
hold one or more sensor modules 20. Each sensor mod-
ule 20 is configured to obtain one or more fluid samples,
to measure a concentration level for one or more analytes
(e.g., glucose, lactate, etc.), and to generate a signal
(e.g., an electrical signal) indicating the concentration
level. For example, the module holder 124 shown in FIG.
13 contains five sensor modules 20. In one embodiment,
each sensor module 20 is configured to analyze a single
fluid sample. In such an embodiment, the sensor module
20 can be removed from the module holder 124 after one
use. In other embodiments, each sensor module 20 can
be configured to analyze a greater number of fluid sam-
ples.
[0034] In general, the unit 120 includes a controller
121, an actuator 123, and input lines125. The controller
121 controls the actuator arrangement 123 for driving the
skin piercing members 36 of each sensor module 20 be-
tween the extended and retracted positions to obtain a
fluid sample. The controller 121 can include a microcon-
troller, a mechanical controller, software driven control-
ler, a hardware driven controller, a firmware driven con-
troller, etc. The controller can include a microprocessor
that interfaces with memory.
[0035] The controller 121 instructs the actuator ar-
rangement 123 when to operate the sensor module 20
to obtain a fluid sample for analysis. The controller 121
also can instruct the module holder 124 and/or the actu-
ator arrangement 123 to eject the used sensor module
20.
[0036] The input lines 125 carry the data/signals/read-
ings (e.g., voltage values) generated at the electrodes
28, 30 of the sensor module 20 during analysis of a fluid
sample to the controller 121 for analysis. The
controller121 converts the signals to an analyte concen-
tration level (e.g., a blood glucose reading) or other de-
sired information. The controller 121 causes the display
127 to indicate the processed information to the user.
Other information also can be presented on the display
127. In one embodiment, the display 127 is a visual dis-
play. In other embodiments, an audio display also can
be used. Additional information can be provided to the
processor 121 via a user interface 129 (e.g., buttons,
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switches, etc.).
[0037] In certain embodiments, the analysis zone of
each module 20 can be sealed to limit the air exposure
of the sensing chemistry provided on the working elec-
trode. In one embodiment, the analysis zone can be
sealed by a sealing member (e.g., a polymeric tape, a
metal tape such as a foil tape, a sealing layer, a sealing
sheet, a sealing media, etc.) affixed (e.g., adhesively
bonded) to an outer surface of the main housing. In one
embodiment, the sealing member is affixed to the sam-
pling end 32 of the housing 22 such that the end of the
passage 42 is covered and sealed and the sealing mem-
ber is also affixed to one or both of the major sides of the
housing to seal such sides. In certain embodiments,
structures can be provided for automatically removing or
piercing at least portions of the sealing member when it
is desired to use a given sensor module. For example,
the actuator 123 can penetrate/break a portion of the
sealing member covering a major side of the sensor mod-
ule so as to allow the actuator to connect to the slide
member 38. Also, during use, the sampling end 32 of the
main housing 22 with the sealing member attached there-
to can be pressed against a person’s skin at a desired
sampling site. The skin piercing member 36 can then be
extended so as to pierce through the sealing member
and puncture the person’s skin. The puncture wound
aligns with the pierced hole in the sealing member so
that blood can flow from the puncture wound through the
hole in the sealing member to fill the funnel structure 72.
From the funnel structure 72, the blood flows through the
passage 42 to analysis zone 23. At FIG. 14, an example
sealing member 95 is shown affixed to the sampling end
32 of the main housing 22 and to a major side of the
housing 22 defined by the first piece 22A of the housing
22.

Claims

1. A sensor module (20) comprising:

a main housing (22) defining an analysis zone
(23)within the housing, the main housing (22)
having a sampling end (32);
a skin piercing member (36) mounted within the
main housing (22), the skin piercing member
(36) being movable relative to the main housing
(22) along an axis (40) between a retracted po-
sition and an extended position;
a fluid sample flow passage (42) that extends
from the sampling end (32) of the main housing
(22) to the analysis zone (23), the fluid sample
flow passage (42) including a funnel structure
(72) through which the skin piercing member
(36) extends when in the extended position,
characterized in that the fluid sample flow pas-
sage (42) also includes capillary flow enhancers
(90) that extend outwardly from opposite sides

of the funnel structure (72) to increase an overall
width of the fluid sample flow passage (42).

2. The sensor module (20) of claim 1, further compris-
ing first and second electrodes (28 and 30) posi-
tioned at the analysis zone (23), at least one of the
electrodes including analyte sensing chemistry.

3. The sensor module (20) of claim 2, wherein the anal-
ysis zone (23) is sealed to limit a degree to which
the sensing chemistry is exposed to air.

4. The sensor module (20) of claim 3, further compris-
ing a sealing member affixed to the sampling end
(32) of the main housing (22) which covers the fluid
sample flow passage (42), wherein the skin piercing
member (36) pierces the sealing member when the
skin piercing member (36) is moved to the extended
position.

5. The sensor module (20) of claim 2, wherein the first
and second electrodes (28 and 30) are elongated
and have wetted lengths, and wherein the fluid sam-
ple flow passage (42) has a width that is at least 75
percent as long as each of the wetted lengths, where-
in the sample fluid flow passage (42) continuously
maintains the width as the fluid sample flow passage
(42) extends from the sampling end (32) of the main
housing (22) to the analysis zone (23), and wherein
the width is measured in a direction transverse to a
primary direction of flow through the fluid sample flow
passage (42).

6. The sensor module (20) of claim 5, wherein the first
and second electrodes (28 and 30) comprise con-
ductive fibers.

7. The sensor module (20) of claim 1, wherein the cap-
illary flow enhancers (90) cause blood to flow via
capillary action outwardly from the funnel structure
(72) at least partially in a radial direction relative to
the axis.

8. The sensor module (20) of claim 1, wherein the cap-
illary flow enhancers (90) increase the overall width
of the fluid sample flow passage (42) by at least 30
percent as compared to a major cross-dimension of
the funnel structure (72).

9. The sensor module (20) of claim 1, wherein the cap-
illary flow enhancers (90) include first portions (90A)
that extend parallel to the axis.

10. The sensor module (20) of claim 9, wherein the cap-
illary flow enhancers (90) include second portions
(90B) in fluid communication with the first portions
(90A), the second portions (90B) extend generally
perpendicular with respect to the first portions (90A)
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such that flow is stepped towards the electrodes (28
and 30).

11. The sensor module (20) of claim 10, wherein the
capillary flow enhancers (90) further include third
portions (90C) in fluid communication with the sec-
ond portions (90B), the third portions (90C) extend
from the second portions (90B) to a volume corre-
sponding to the analysis zone (23).

Patentansprüche

1. Ein Sensormodul (20), umfassend:

ein Hauptgehäuse (22), welches einen Analy-
sebereich (23) innerhalb des Gehäuses defi-
niert, wobei das Hauptgehäuse (22) ein Ende
zur Probennahme (32) aufweist;
ein die Haut durchstechendes Element (36),
welches innerhalb des Hauptgehäuses (22) an-
gebracht ist, wobei das die Haut durchstechen-
de Element (36) relativ zu dem Hauptgehäuse
(22) entlang einer Achse (40) zwischen einer
eingezogenen Position und einer ausgefahre-
nen Position beweglich ist;
einen Durchgang für den Fluss einer flüssigen
Probe (42), der sich vom Ende zur Probennah-
me (32) des Hauptgehäuses (22) bis zum Ana-
lysebereich (23) erstreckt, wobei der Durchgang
für den Fluss einer flüssigen Probe (42) eine
Trichterstruktur (72) enthält, durch die sich das
die Haut durchstechende Element (36) er-
streckt, wenn es sich in der ausgefahrenen Po-
sition befindet, dadurch gekennzeichnet,
dass der Durchgang für den Fluss einer flüssi-
gen Probe (42) außerdem Kapillarfluss-Verstär-
ker (90), die sich von gegenüberliegenden Sei-
ten der Trichterstruktur (72) nach außen erstre-
cken, um die Gesamtbreite des Durchgangs für
den Fluss einer flüssigen Probe (42) zu vergrö-
ßern, enthält.

2. Das Sensormodul (20) nach Anspruch 1, welches
ferner eine erste und zweite Elektrode (28 und 30),
welche am Analysebereich (23) positioniert sind,
umfasst, wobei mindestens eine der Elektroden eine
chemische Sensorik für einen Analyten (analyte sen-
sing chemistry) enthält.

3. Das Sensormodul (20) nach Anspruch 2, wobei der
Analysebereich (23) abgedichtet ist, um das Maß,
bis zu welchem die chemische Sensorik (sensing
chemistry) der Luft ausgesetzt ist, zu begrenzen.

4. Das Sensormodul (20) nach Anspruch 3, welches
ferner ein Dichtungselement umfasst, das an dem
Ende zur Probennahme (32) des Hauptgehäuses

(22) befestigt ist und den Durchgang für den Fluss
einer flüssigen Probe (42) abdeckt, wobei das die
Haut durchstechende Element (36) das Dichtungs-
element durchdringt, wenn das die Haut durchste-
chende Element (36) in die ausgefahrene Position
bewegt wird.

5. Das Sensormodul (20) nach Anspruch 2, wobei die
erste und zweite Elektrode (28 und 30) länglich sind
und eine benetzte Länge aufweisen, und wobei der
Durchgang für den Fluss einer flüssigen Probe (42)
eine Breite hat, deren Länge mindestens 75 Prozent
von jeder der benetzten Längen beträgt, wobei der
Durchgang für den Fluss einer flüssigen Probe (42)
seine Breite über die gesamte Strecke vom Ende
zur Probennahme (32) des Hauptgehäuses (22) bis
zum Analysebereich (23) kontinuierlich beibehält,
und wobei die Breite in einer Richtung gemessen
wird, die transversal zur Hauptrichtung des Flusses
durch den Durchgang für den Fluss einer flüssigen
Probe (42) ist.

6. Das Sensormodul (20) nach Anspruch 5, wobei die
erste und zweite Elektrode (28 und 30) leitfähige Fa-
sern umfassen.

7. Das Sensormodul (20) nach Anspruch 1, wobei die
Kapillarfluss-Verstärker (90) dafür sorgen, dass Blut
durch Kapillarwirkung von der Trichterstruktur (72)
zumindest teilweise in einer radialen Richtung be-
züglich der Achse nach außen fließt.

8. Das Sensormodul (20) nach Anspruch 1, wobei die
Kapillarfluss-Verstärker (90) die gesamte Breite des
Durchgangs für den Fluss einer flüssigen Probe (42)
um mindestens 30 Prozent im Vergleich zur Haupt-
Querausdehnung der Trichterstruktur (72) erhöhen.

9. Das Sensormodul (20) nach Anspruch 1, wobei die
Kapillarfluss-Verstärker (90) erste Abschnitte (90A)
enthalten, die sich parallel zu der Achse erstrecken.

10. Das Sensormodul (20) nach Anspruch 9, wobei die
Kapillarfluss-Verstärker (90) zweite Abschnitte
(90B) in Fluidverbindung mit den ersten Abschnitten
(90A) enthalten, wobei die zweiten Abschnitte (90B)
sich im Wesentlichen senkrecht in Bezug auf die ers-
ten Abschnitte (90A) erstrecken, so dass der Fluss
in die Richtung der Elektroden (28 und 30) geführt
wird.

11. Das Sensormodul (20) nach Anspruch 10, wobei die
die Kapillarfluss-Verstärker (90) ferner dritte Ab-
schnitte (90C) in Fluidverbindung mit den zweiten
Abschnitten (90B) enthalten, wobei sich die dritten
Abschnitte (90C) von den zweiten Abschnitten (90B)
in einen Raum erstrecken, der dem Analysebereich
(23) entspricht.
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Revendications

1. Module de capteur (20) comprenant :

- un boîtier principal (22) définissant une zone
d’analyse (23) à l’intérieur du boîtier, le boitier
principal (22) possédant une extrémité d’échan-
tillonnage (32) ;
- un élément de perçage de la peau (36) monté
à l’intérieur du boîtier principal (22), l’élément de
perçage de la peau (36) étant mobile par rapport
au boîtier principal (22) le long d’un axe (40),
entre une position rétractée et une position
étendue ;
- un passage d’écoulement d’échantillon de flui-
de (42) qui s’étend à partir de l’extrémité
d’échantillonnage (32) du boîtier principal (22)
jusqu’à la zone d’analyse (23), le passage
d’écoulement d’échantillon de fluide (42) com-
prenant une structure en entonnoir (72) à travers
laquelle s’étend l’élément de perçage de la peau
(36) lorsqu’il se trouve dans la position étendue,
caractérisé en ce que le passage d’écoule-
ment d’échantillon de fluide (42) comprend éga-
lement des fentes d’amélioration d’écoulement
capillaire (90) qui s’étendent vers l’extérieur à
partir de côtés opposés de la structure en en-
tonnoir (72) afin d’augmenter une largeur glo-
bale du passage d’écoulement d’échantillon de
fluide (42).

2. Module de capteur (20) selon la revendication 1,
comprenant en outre des première et seconde élec-
trodes (28 et 30) placées au niveau de la zone d’ana-
lyse (23), au moins l’une des électrodes comprenant
une chimie de détection d’analyte.

3. Module de capteur (20) selon la revendication 2,
dans lequel la zone d’analyse (23) est étanchéifiée
afin de limiter un degré auquel la chimie de détection
est exposée à l’air.

4. Module de capteur (20) selon la revendication 3,
comprenant en outre un élément d’étanchéité fixé
sur l’extrémité d’échantillonnage (32) du boitier prin-
cipal (22) qui recouvre le passage d’écoulement
d’échantillon de fluide (42), dans lequel l’élément de
perçage de la peau (36) perce l’élément d’étanchéité
lorsqu’il est déplacé vers la position étendue.

5. Module de capteur (20) selon la revendication 2,
dans lequel les première et seconde électrodes (28
et 30) sont allongées et ont des longueurs mouillées,
et dans lequel le passage d’écoulement d’échan-
tillon de fluide (42) a une largeur qui est d’au moins
75 pour cent aussi longue que chacune des lon-
gueurs mouillées, dans lequel le passage d’écoule-
ment d’échantillon de fluide (42) maintient, en con-

tinu, ladite largeur tant que le passage d’écoulement
d’échantillon de fluide (42) s’étend depuis l’extrémité
d’échantillonnage (32) du boitier principal (22) jus-
qu’à la zone d’analyse (23), et dans lequel la largeur
est mesurée dans une direction transversale à une
direction principale d’écoulement à travers le passa-
ge d’écoulement d’échantillon de fluide (42).

6. Module de capteur (20) selon la revendication 5,
dans lequel les première et seconde électrodes (28
et 30) comprennent des fibres conductrices.

7. Module de capteur (20) selon la revendication 1,
dans lequel les fentes d’amélioration d’écoulement
capillaire (90) provoquent l’écoulement du sang via
une action capillaire vers l’extérieur à partir de la
structure en entonnoir (72) au moins partiellement
dans une direction radiale par rapport à l’axe.

8. Module de capteur (20) selon la revendication 1,
dans lequel les fentes d’amélioration d’écoulement
capillaire (90) augmentent la largeur globale du pas-
sage d’écoulement d’échantillon de fluide (42) d’au
moins 30 pour cent par rapport à une dimension
transversale principale de la structure en entonnoir
(72).

9. Module de capteur (20) selon la revendication 1,
dans lequel les fentes d’amélioration d’écoulement
capillaire (90) comprennent des premières parties
(90A) qui s’étendent parallèlement à l’axe.

10. Module de capteur (20) selon la revendication 9,
dans lequel les fentes d’amélioration d’écoulement
capillaire (90) comprennent des deuxièmes parties
(90B) en communication fluidique avec les premiè-
res parties (90A), les deuxièmes parties (90B)
s’étendant généralement perpendiculairement aux
premières parties (90A) de telle sorte que l’écoule-
ment avance en direction des électrodes (28 et 30).

11. Module de capteur (20) selon la revendication 10,
dans lequel les fentes d’amélioration d’écoulement
capillaire (90) comprennent en outre des troisièmes
parties (90C) en communication fluidique avec les
deuxièmes parties (90B), les troisièmes parties
(90C) s’étendant à partir des deuxièmes parties
(90B) jusqu’à un volume correspondant à la zone
d’analyse (23).
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